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(54) Apparatus and method for mixing and dispensing bone cement 



(57) A method and apparatus for mixing bone 
cement which produces bone cement essentially free of 
entrained air. The apparatus includes a cartridge having 
two telescoping cylinders. The outer cylinder receives a 
cap tliereon which hermetically seals the cartridge. The 
cap includes an outlet pod in which a break-away agita- 
tor is installed and a pod for connection of a vacuum 
pump. In use, a desired vacuum pressure is drawn on 
the cartridge and the inner cylinder is allowed to be , 
drawn into the outer cylinder while the vacuum is being 
drawn, whereupon the inner cylinder automatically 
stops moving relative to the outer cylinder when the 
desired vacuum pressure is reached. Mixing of the bone 
cement is then performed under the partial vacuum 
thereby created. The agitator paddles provide a scrap- 
ing action against both inner cylinder walls of the tele- 
scoping cylinders thereby improving mixing. After 
mixing, the agitator is broken away, an appropriate noz- 
zle is attached to the cartridge and the cartridge is 
inserted into a cement gun. The leading portion of the 
bone cement develops a convex profile when axially 
advanced through the cartridge and the piston plug 
includes a tapered protrusion which generally corre- 
sponds to the profile of the bone cement. The cap and 
paddles are also shaped correspondingly to the convex 
profile developed by the bone cement, resulting in sub- 
stantially all of the bone cement being squeezed from 



the cartridge. An air escape passage is also provided to 
vent air contained within an annular gap between the 
agitator shaft and the cap upon initial expulsion of bone 
cement, resulting in the bone cement expelled from the 
cartridge being essentially free from entrained air. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to apparatus 
for mixing and dispensing bone cement. In particular, 
this invention relates to improvements to a disposable 
pre-assembied kit including a collection of preparation 
apparatus used to mix and dispense bone cement. The 
improvements are directed toward eliminating entrained 
air in the mixed cement and improving the mixing and 
dispensing characteristics. 

[0002] In many orthopaedic surgical procedures, 
bone cements are used to fix implants to the bone. Con- 
ventional bone cements are generally polymeric materi- 
als which are prepared by copolymerization of the 
components as needed. Bone cement is prepared by 
copolymerizing a liquid monomer and a powdered 
copolymer, such as methyl methacrylate and polyme- 
thyl methacrylate or methyl methacrylate-styrene. Dur- 
ing mixing of the constituent components of the cement, 
air bubbles may be formed within the cement. It is 
thought that to improve the resultant strength of the 
cement, the air bubbles must be evacuated from the 
mixture to ensure a uniform reaction product. Conse- 
quently, the mixing of the constituent components is ide- 
ally performed in a vacuum. 

[0003] Mixing separate constituent components 
within a mixing cartridge is wellknown in the art. For 
example. U.S. Patent Nos. 5.624.184 and 5.586.821. 
which are assigned to the assignee of the present 
invention and are hereby incorporated by reference, dis- 
close a mixing cartridge comprising two telescoping 
tubular cylinders. The telescoping cylinders are posi- 
tionable into a fully extended position in which the bone 
cement components are mixed under vacuum, a vac- 
uum release position in which the inner cylinder is par- 
tially retracted within the outer cylinder, and a fully 
retracted position in which the cartridge is adapted for 
installation into a bone cement mixing gun. A cap is 
installed on the proximal end of the outer cylinder and 
includes an opening therethrough which receives the 
shaft of an agitator. The cap also includes a port for con- 
nection thereto of a vacuum pump which is used to draw 
a vacuum in the cartridge when in the fully extended 
position. The portion of the agitator shaft which extends 
into the cartridge includes agitator paddles extending 
therefrom for mixing the bone cement. The other end of 
the agitator shaft which extends from the opening in the 
cap includes a handle thereon for reciprocating move- 
ment of the agitator within the cartridge. The shaft 
includes a tubular outer sleeve and an inner rod axially 
disposed therein which terminates in an integral dumb- 
bell-shaped end plug. The shaft sleeve is frangible and 
has a detachable distal end. so that after mixing is com- 
pleted, the shaft can be broken away from the cap along 
with the inner rod. This results In the opening in the cap 
retaining the distal end of the shaft having the agitator 



paddles integrally connected thereto. A suitable cement 
nozzle can then be affixed to the opening (outlet port), 
and the cartridge inserted into an applicator gun. The 
inner cylinder includes a piston plug which is axially 
5 movable toward the cap end of the cartridge by operat- 
ing the cement gun. 

[0004] In use, the above described cartridge is ini- 
tially fully extended and the bone cement constituents 
are placed therein. Thereupon, the cap is installed on 

10 the outer cylinder and a vacuum pump is attached to the 
outlet port contained on the cap. A vacuum is drawn on 
the cartridge by reciprocating the handle on the vacuum 
pump. The bone cement components are then mixed 
under a partial vacuum by reciprocating the agitator 

/5 handle. After mixing is completed, the inner cylinder is 
partially retracted within the outer cylinder which 
releases the hermetic seal therebetween and thereby 
causes the vacuum to be released. The cartridge is 
then positioned into its fully retracted position and 

20 installed into an applicator gun for injecting bone 
cement into a patient. 

[0005] It is desirable to prevent air from becoming 
entrained within the bone cement. It is also desirable to 
further improve the mixing characteristics of the above- 
25 described kit. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a method 

30 and apparatus for mixing bone cement that produces 
bone cement essentially free from entrained air. 
[0007] It has been found that in the arrangement 
described in U.S. Patent Nos. 5,624.184 and 5,586.821. 
as the piston plug axially advances in the inner cylinder 

35 thereby producing axial movement of the bone cement 
therewith, the leading edge of the bone cement forms a 
dome-shaped, or convex, profile, commonly referred to 
as a "shear flow" profile. The shear flow profile develops 
because the mixed bone cement exhibits a dough-like 

40 consistency which tends to stick to the inner walls of the 
cylinder, thereby providing resistance to its axial move- 
ment. By contrast, the portion of the bone cement 
toward the center of the cylinder encounters no such 
resistance with the inner cylinder wall and therefore 

45 advances more readily than the bone cement posi- 
tioned closer to the cylinder wall. Thus, the shear flow 
profile is caused by the difference in resistance to flow 
between the bone cement positioned centrally in the 
cylinder and the bone cement positioned close to the 

50 inner wall. 

[0008] As the bone cement having a shear flow pro- 
file advances along the inner cylinder toward the cap 
opening, the apex of the profile contacts the cap before 
the portion of the bone cement disposed along the inner 

55 wall of cylinder. As a result, a void is produced between 
the bone cement and the cap. particularly round the cyl- 
inder wall. The void contains air which mixes with the 
bone cement as the bone cement is being expelled 
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through the opening. Of course, as soon as the initial 
portion of bone cement is expelled through the opening, 
the profile is flattened by the flat inner surface of the cap 
as the bone cennent advances. Thereafter, the above- 
described void is no longer present. However, the air ini- 
tially trapped within the cartridge nnay undesirably 
become entrained in the bone cement. 
[0009] The present invention Improves upon a bone 
cement mixing kit as described in U.S. Patent Nos. 
5,625,184 and 5,586.821 and produces bone cement 
essentially free of entrained air. 

[0010] In one form thereof, the present invention 

provides a method for mixing bone cement under a par- 
tial vacuum. The mixing kit includes a mixing cartridge 
comprised of two telescoping tubular cylinders. The 
bone cement components are added to the cartridge. A 
cap is then connected to the cartridge. A vacuum pump 
is connected to a port on the cap and is operated so as 
to draw a vacuum in the interior of the cartridge. As vac- 
uum is being drawn in the cartridge using the vacuum 
pump, the inner cylinder partially retracts, or is drawn 
into, the outer cylinder. The operation of the vacuum 
pump is halted when the cartridge has reached the 
desired vacuum pressure. As a consequence, the inner 
cylinder automatically stops retracting into the outer cyl- 
inder. The components are then mixed. 
[0011] In a preferred form, the vacuum hose which 
connects the vacuum pump to the cartridge includes a 
visual indicator that collapses to indicate that the car- 
tridge has reached the desired vacuum pressure. The 
operation of the vacuum pump is then halted when the 
visual indicator collapses, thereby indicating that the 
cartridge has reached the desired vacuum pressure. 
[0012] The advantage of the above-described 
method is that it has been found that it creates a supe- 
rior environment for mixing the bone cement. As the 
vacuum pump is being operated, the inner cylinder 
"seeks its own level" with respect to the outer cylinder 
until the desired vacuum pressure is reached. This 
arrangement provides a smaller but adequate volume 
for mixing the bone cement but. advantageously, pro- 
vides a smaller available area for unwanted air to 
occupy. 

[0013] The present invention provides an improved 
agitator which provides enhanced mixing, especially in 
an area proximate the cylindrical walls of the inner and 
outer cylinders. 

[0014] In one form thereof, the present invention 
provides a bone cement mixing apparatus, comprising 
first and second telescopingly connected cylinders for 
mixing and dispensing bone cement. The cylinders 
include respective inner cylinder walls wherein one of 
the inner walls has an inner diameter greater than an 
inner diameter of the other Inner wall. Also provided Is a 
bone cement agitator having a portion of which is insert- 
able within the cylinders and movable axially therein. 
The agitator comprises a shaft and a plurality of paddles 
are connected to an end portion of the shaft and extend 



generally radially therefrom. The paddles are movable 
radially and resiliently biased radially outwardly into wip- 
ing engagement with the inner cylinder wails. In this 
arrangement, the paddles flex outwardly to wipe the 
5 inner walls of both the inner and outer cylinders when 
the agitator is reciprocated within the telescopingly con- 
nected cylinders. 

[0015] One advantage of the improved agitator of 
the present invention is that it enhances the mixing 

10 around the walls of both the inner and outer cylinders. 
This is important because the dry powder component of 
the unmixed bone cement tends to stick to the cylinder 
walls and does not get mixed. The wiping engagement 
provided by the agitator of the present invention 

75 reduces this problem. 

[0016] Another advantage of the agitator of the 
present invention is that it provides a wiping engage- 
ment of both the inner and outer telescoping cylinders, 
each of which has a different diameter Further, the 

20 resiliently biased paddles do not get "stuck" when mov- 
ing from one cylinder to the other. Instead, the flexible 
paddles wipe the inner cylinder wall of the upper (outer) 
cylinder; then the paddles flex inwardly and wipe the 
inner cylinder wall, of the lower (inner) cylinder. By con- 

25 trast, a prior art inflexible paddle sized to fit the smaller 
diameter cylinder cannot provide wiping engagement of 
the larger cylinder in a telescopic cylinder arrangement. 
[0017] The present invention provides a means for 
"squeezing" substantially all of the bone cement from 

30 the mixing cartridge by taking advantage of the "shear 
flow," or dome-shaped, profile formed by the bone 
cement as it moves axially through the cartridge. 
[0018] In another form, the present invention com- 
prises a cartridge having a cap on one end thereof 

35 which defines an opening therethrough. A piston plug is 
disposed in the cartridge for axial movement toward the 
cap to expel the bone cement in the cartridge through 
the opening. The piston plug has a tapered protrusion 
thereon which is oriented toward the cap. 

40 [0019] In a preferred form, the cap includes a 
recess whose shape corresponds to the protrusion so 
that the recess matingly receives the protrusion when 
the plug is advanced axially toward the cap. Further, the 
agitator which mixes the bone cement remains within 

45 the cartridge while the bone cement is being expelled 
therefrom. The paddles of the agitator have a shape 
which corresponds to the recess of the cap and the pis- 
ton plug whereby the paddles fit snugly therebetween 
when the piston plug is axially advanced in the car- 

50 tridge. 

[0020] An advantage of this arrangement In which 
the piston plug, the agitator paddles, and the cap have 
corresponding shapes is that less air is trapped in the 
cartridge upon the initial expulsion of the bone cement. 
55 This is so because the corresponding shapes generally 
match the convex profile formed by the bone cement so 
that the size of the air void fornned when the bone 
cement initially exits the opening in the cap is reduced. 
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series are stored. 

[0028] Typically, the liquid monomer components of 
the bone cement are provided in ampules (not shown) 
and the powder copolymers are provided in sealed 
packets (not shown) although any suitable packaging 
for the components may be provided with the kit. The 
liquid monomer and powder copolymer are well-known 
in the art and are commercially available from a variety 
of sources. 

[0029] Vacuum pump 24 uses a reciprocated piston 
design, although any suitable vacuum pump may be 
included as part of kit 20. Vacuum pump 24 includes a 
cylindrical body 42 and includes a reciprocating shaft 
which drives an internal piston (not shown). Vacuum 
pump 24 also includes a check valve (not shown) to per- 
mit air flow through the pump orifice in one direction 
only. Tubing 26 connects pump 24 to cap 32 when cap 
32 is connected to mixing cartridge 30. Tubing 26 
includes vacuum indicator 28. which can be a plastic or 
rubber bulb which collapses under the negative pres- 
sure of the vacuum drawn by pump 20 as shown in Fig. 
2A. 

[O030] Mixing cartridge 30 is preferably constructed 
of disposable plastic, which allows the admixture of the 
constituent components to be viewed. As shown in Figs. 
2 and 2A, cartridge 30 includes two telescopingly con- 
nected tubular cylinders 44 and 46. Both cylinders 44. 
46 have open proximal and distal ends. Outer cylinder 
44 axially receives inner cylinder 46 in a telescoping 
configuration. That is, inner cylinder 46 can slide within 
outer cylinder 44. The outer diameter of inner cylinder 
46 is concentrically seated against the inner diameter of 
outer cylinder 44. The outer peripheral surface of inner 
cylinder 46 is in a tight but not hermetically sealed 
engagement with the inner peripheral surface of outer 
cylinder 44 in a piston-like manner An air impermeable 
piston plug 48 (Fig. 4) is disposed within inner cylinder 
46 approximate its distal end. so as to close the distal 
end of inner cylinder 46. Plug 48 is axially slidable within 
inner cylinder 46 for expelling the mixed cement com- 
pound from cartridge 30 when the cartridge is con- 
nected to a cement gun. That is. as the cement gun is 
being operated, piston plug 48 axially advances from 
the distal end of inner cylinder 46 toward its proximate 
end (toward cap 32) as shown in Figs. 4 and 4A, 
[0031] As shown in Figs. 4 and 4A. outer cylinder 
44 includes a threaded outer rim 50 which threadedly 
engages a threaded annular cap rim 52 of cap 32. While 
outer cylinder 44 is shown herein as including an outer 
threaded rim. any suitable connection structure can be 
employed to provide the connection between cap 32 
and outer cylinder 44. Outer cylinder 44 also includes 
an annular end flange 54 which extends outwardly 
approximate its open distal end. A hermetic seal is 
achieved between inner cylinder 46 and outer cylinder 
44 by an 0-ring 56 seated within annular groove 58 of 
inner cylinder 46. Cap 32 is hermetically sealed on cyl- 
inder 44 by O-ring 59 seated within annular groove 61. 
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[0032] Cap 32 includes a vacuum port 60. which is 
connectable to vacuum pump 24 by tubing 26. As 
shown in Fig. 2. cap 32 also includes a centered cement 
outlet port, or opening 62. Outlet port 62 includes 

5 threads 64 for threading engagement of various nozzles 
36. Cap 32 also includes vent holes 66 which form part 
of an air escape passage described hereinbelow. 
[0033] As shown in Figs. 2 and 2A, the mixing sys- 
tem of the illustrated embodiment includes an agitator 

10 34 having a shaft 70. A handle 72 is connected to one 
end portion of shaft 70 and a plurality of paddles 74 are 
connected to the other end portion of shaft 70. Paddles 
74 include holes 75 to aid movement of agitator 34 
through the bone cement as is known in the art. 

15 [0034] The advantages of the agitator shown in the 
illustrated embodiment can be better appreciated with 
reference to Figs. 3 and 3A. The paddles 74 extend 
generally radially from the end portion of shaft 70 and 
are movable radially between a first position which pad- 

20 dies 74 assume when placed within inner cylinder 46 as 
shown in Fig. 3A. and a second position which the pad- 
dles assume when removed from the cylinder as shown 
in Fig. 3. By comparing Figs. 3 and 3A. it can be under- 
stood that the paddles extend from the shaft ai. lesser 

25 radial distance when inserted in cylinder 46 than when 
positioned outside of cylinder 46. As further seen with 
respect to Figs. 3 and 3A, the outer edges 76 of paddles 
74 form a substantially circular shape having a' radius 
which is reduced when the paddles are inserted within 

30 cylinder 46. The paddles are formed so that they are 
resiliently biased radially outwardly toward the position 
shown in Fig. 3. so that the paddles provide wiping 
engagement with the inside wall 78 of cylinder 46 when 
placed therein. Significantly, paddles 74 are also biased 

35 outwardly toward cylinder 44. so that a wiping engage- 
ment is provided against the inner walls of both cylin- 
ders 44 and 46 when the agitator is reciprocated therein 
(Fig. 2). 

[0035] The agitator of the present invention is 
40 formed from high density polyethylene, but it is to be 
understood that one of ordinary skill in the art could 
substitute other suitable materials. Agitator 34 is formed 
so that paddles 74 naturally occupy their extended posi- 
tion shown in Fig. 3. By selecting a material composition 
45 having sufficient elastic properties, the paddles can be 
resiliently flexed to form the contracted position shown 
in Fig. 3A. However, the elastic properties of the paddle 
material cause the paddles to bias outwardly, so that a 
force is exerted against inner wall 78 when placed within 
50 cylinder 46. Similarly, paddles 74 are biased outwardly 
to provide a wiping engagement of the Inner wall of cyl- 
inder 44 when placed therein. In the illustrated embodi- 
ment, it can be appreciated that paddles 74 need only 
be capable of withstanding a single use as kit 20 Is dis- 
ss posed of after a single use. 

[0036] As also shown in Figs. 3 and 3A. inner cylin- 
der 46 includes a flared portion 80 at its proximal end to 
facilitate Insertion of paddles 74. Thus, when the pad- 
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dies are within cylinder 44 and agitator handle 72 is 
pressed downwardly, paddies 74 meet fired portion 80 
and gradually contract into the position shown in Fig. 3A 
wherein the radial distance paddle 74 extends from the 
longitudinal axis of shaft 70 is substantially equal to the 
radius of the inner cylinder wall 78. Flared portion 80 
provides a gradual decrease in radius from the inner 
wall of the outer cylinder to the smaller diameter inner 
wall of the inner cylinder so that the paddles do not get 
stuck when the agitator handle is depressed. 
[0037] Turning now to Figs. 2 and 2A. the illustrated 
embodiment incorporates a break-away agitator assem- 
bly essentially the same as that described in tJ.S. Patent 
No. 5,624,184. which is incorporated herein by refer- 
ence. Shaft 70 includes a tubular outer sleeve 82 and an 
inner rod 84 axially disposed within sleeve 82. Sleeve 
82 is frangible and has a detachable distal end 86. The 
distal end of inner rod 84 terminates in an Integral 
dumbbell shaped end plug 88. The small diameter of 
middle segment 90 is positioned approximate an annu- 
lar notch 81 (Figs. 3 and 3A). or score line, disposed in 
shaft sleeve 82. The annular notch 81 forms a radius 
around sleeve 82 about which sleeve 82 fractures when 
shaft 70 is fully extended from cartridge 30. The hollow 
distal end 86 of sleeve 82 remains within outlet port 62 
of cap 32 to provide a passage for the mixed cement 
compound to be expelled. 

[0038] With reference to Fig. 4. piston plug 48 
includes an integral protrusion 92 thereon which is ori- 
ented toward cap 32. Generally, protrusion 92 is formed 
in a tapered shape designed to match the shape of cap 
32 and closely resemble the convex, or "shear flow." 
profile of the bone cement as the bone cement is axially 
advanced through cartridge 30 by movement of piston 
plug 48. Thus, while protrusion 92 is shown in Fig. 4 as 
being frustoconically shaped, it is to be understood that 
protrusion 92 could be formed into other similar shapes, 
such as a dome, bullet-shape and the like. 
[0039] With further reference to Fig. 4, cap 32 
includes a recess 94 whose shape corresponds to pro- 
trusion 92. Thus, recess 94 matingly receives protrusion 
92 when plug 48 is axially advanced toward cap 32 as 
shown in Fig. 4A. While recess 94 is shown in Fig. 4 as 
being frustoconically shaped, it is to be understood that 
recess 94 could be formed into other similar shapes, 
such as a dome, bullet-shape and the like. Recess 94 is 
shaped correspondingly to protrusion 92. Paddles 74 
also comprise a shape which corresponds to protrusion 
92 and recess 94, whereby cap 32 and piston plug 48 
matingly receiving paddles 74 therebetween when plug 
48 is axially advanced toward cap 32 as shown In Fig. 
4A. In the embodiment illustrated in Figs. 4 and 4A. cap 
32 having recess 94. piston plug 48 and agitator pad- 
dles 74 all comprise matching frustoconical shapes, the 
advantages of which In operation are described herein- 
below. 

[0040] The illustrated embodiment of the present 
invention provides a novel air escape passage for vent- 



ing substantially all of the air contained within the con- 
fines of the cap to ambient. As shown in Figs. 5 and 6. 
vents 66 extend through cap 32 and lead to shaft 70. A 
cylindrical porous filter 102 encircles shaft 70 and forms 
5 a semi-permeable membrane which allows passage of 
air but not bone cement therethrough. It has been found 
that ultra-high molecular weight polyethylene performs 
satisfactorily as a material for porous filter 102. Posi- 
tioned inwardly in cap 32 with respect to porous filter 
fO 102 is an 0-ring 104 which also encircles shaft 70. O- 
ring 104. preferably made of silicone, seals shaft 70 to 
an inner surface of cap 32. thereby preventing passage 
of air into cartridge 30 during the expulsion of bone 
cement, as explained hereinbelow. 
15 [0041] As further shown in Fig. 5, the interior of cap 
32 widens to provide additional space for top filter 106. 
Filter 106 allows air to be drawn out of the system via 
vacuum port 60 without pulling out dry powder or mixed 
cement. Top filter 1 06 includes a two-tiered opening 1 08 
20 which receives retaining ring 1 10. As can be understood 
with reference to Figs. 5 and 6. top filter 106 includes 
inner annular surfaces 112 and 114 which match outer 
annular surfaces 116 and 118 of retaining ring 110. 
respectively The bottom inner portion of retaining ring 
25 110 includes a frustoconical portion 120 which mates 
with base 122 of paddle assembly 74. Cap 32 also 
includes absorbent filter 124 which absorbs any mono- 
mer that is pulled through the top filter 106 before it can 
move into the tubing set. 
30 [0042] As shown in Fig. 7, after agitator shaft 70 is 
broken off, nozzle 36 is threaded onto cap 32. There 
exists a small annular gap 128 between agitator shaft 
70 and the inner annular surface of cap 32 as shown in 
Fig. 7. The size of gap 128 shown in Fig. 7 has been 
35 exaggerated for illustrative purposes. There also exists 
a small space 130 between the bottom of nozzle attach- 
ment 36 and the end (broken off) portion of agitator 
shaft 70. Space 130 allows' passage of bone cement 
from outlet port 62 into annular gap 128. Thus, with ref- 
40 erence to Fig. 7. it can be appreciated that annular gap 
128 is in fluid communication with outlet port 62 
because of the existence of space 1 30. It can be further 
appreciated that annular gap 128 is in gaseous commu- 
nication with vents 66 because porous filter 102 is dis- 
45 posed intermediate annular gap 128 and vents 66. 
Stated another way porous filter 102 forms a gaseous 
communication passage connecting vents 66 to annular 
gap 128. While porous filter 102 in the illustrated 
embodiment is a cylindrical member which encircles 
50 shaft 70, it is to be understood that one of ordinary skill 
in the art would readily recognize that other configura- 
tions of a porous filter may be utilized, provided that one 
or more porous filters prevent bone cement from seep- 
ing from vents 66. 
55 [0043] Figs. 1 -7 demonstrate the use of kit 20 of the 
illustrated embodiment in the preparation of bone 
cement. Kit 20 is packaged in an external packaging 
(not shown) with funnel attachment 38 connected to 
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cartridge 30. Cartridge 30 is packaged in tray 22 in its 
extended mixing position; i.e., inner cylinder 46 is fully 
extended from outer cylinder 44. for the convenience of 
the user. The cement constituent components (not 
shown) of the cement are poured into cartridge 30 
through funnel attachment 38. Once the proper volumes 
of the various constituent components of the cement 
have been poured into the cartridge, funnel attachment 
38 is removed and discarded. Cap 32 is then removed 
from tray 22 and attached to cartridge 30. Vacuum 
pump 24. tubing 26 and vacuum indicator 28 are also 
removed from tray 22 and connected to vacuum port 60 
of cap 32. Once cap 32 and vacuum pump 24 are con- 
nected to cartridge 30 as shown in Figs. 2 and 2A. a 
vacuum is drawn within cartridge 30 by manually recip- 
rocating the shaft of vacuum pump 24. Vacuum indica- 
tor 28 collapses to indicate that the cartridge has 
reached the desired vacuum pressure. 
[0044] Concurrent with the drawing of the vacuum 
within cartridge 30. inner cylinder 46 is drawn within 
outer cylinder 44. This is so because, while inner cylin- 
der 46 fits snugly within outer cylinder 44. cartridge 30 
provides no locking mechanism maintaining inner cylin- 
der 46 in its filly extended position. Thus, as vacuum is 
drawn within cartridge 30, inner cylinder 46 "seeks its 
own level" within outer cylinder 44. That is. there is no 
predetermined position that cylinder 46 must occupy 
within cylinder 44 when vacuum indicator 28 indicates 
that the desired level of vacuum has been achieved 
within the cartridge. It has been found that such an 
arrangement provides an excellent mixing environment 
for the bone cement. When vacuum indicator 28 col- 
lapses to indicate the proper vacuum pressure within 
cartridge 30, • inner cylinder 46 is partially retracted 
within cylinder 44 to a position wherein there is sufficient 
room for mixing the bone cement using agitator 34. yet 
there is reduced room within cartridge 30 for trapped air 
to occupy. The reduction in volume provides less mixing 
space and therefore reduces the opportunity for air to 
be mixed in the cement. As a result, the embodiment 
illustrated achieves a reduction in entrained air within 
the bone cement. 

[0045] After the desired vacuum is achieved within 
cartridge 30, the constituent components of the cement 
are mixed manually by reciprocating agitator 34 in a 
manner well-known in the art. Advantageously, the self- 
biasing action of paddles 74 against inner wall 78 of 
inner cylinder 46 provides enhanced mixing around wall 
78 of inner cylinder 46. Additionally, the paddles provide 
a self-biasing action against the inner wall of cylinder 44 
when the paddles are reciprocated therein. The advan- 
tage of the agitator in the illustrated embodiment is that 
it provides a wiping engagement of both telescoping cyl- 
inders. 44 and 46. each of which has a different diame- 
ter. Further, the resiliently biased paddles do not get 
"stuck" when moving from one cylinder to the other 
because cylinder 46 includes a flared end which eases 
entry of paddles 74 as shown in Fig. 3. In operation, the 



flexible paddles wipe the inner cylinder wall of cylinder 
44: then the paddles flex inwardly as the handle is 
pressed downwardly and wipe the inner cylinder wall of 
cylinder 46. 

5 [0046] Upon completion of mixing, vacuum pump 
24 may be removed and the vacuum within cartridge 30 
is thereby released. Cartridge 30 is then compressed so 
that inner cylinder 46 is fully retracted within outer cylin- 
der 44 as shown in Fig. 4 for use in a cement injector 

10 gun (not shown). Thence, distal end 86 of sleeve 82 of 
the agitator is broken off and discarded. When agitator 
34 is broken off, plug 88 is pulled from the cap and outlet 
port 62 is opened. A suitable cement nozzle 36 is then 
affixed to outlet port 62 and cartridge 30 is inserted into 

15 an applicator gun (not shown). A bone cement injector 
gun suitable for use with the illustrated embodiment is 
shown and described in U.S. Patent No. 5.638.997 
which is owned by the assignee of the present invention 
and is incorporated herein by reference. 

20 [0047] It has been found that as piston plug 48 (Fig. 
4) axially advances through inner cylinder 46 pushing 
the bone cement therewith, a convex, or "shear flow." 
profile develops at the leading portion of the bone 
cement as shown in Fig. 6. Bone cement has a dough- 

25 like consistency which sticks to the inner cylinder wall of 
the cartridge so that there is greater resistance to axial 
movement around the cylinder wall than in the middle of 
the cartridge. The convex profile produced by axially 
advancing the bone cement can be problematic in a 

30 prior art cartridge like that shown in Fig. 6A. As shown 
in Fig. 6A. when the apex of bone cement 96 reaches 
outlet port 62A, a void 98A that contains air is formed 
between bone cement 96 and cap 32A. The air within 
void 98A may "fold" into bone cement 96 as the bone 

35 cement is expelled through outlet port 62A. thereby pro- 
ducing unwanted porosity in the bone cement. This phe- 
nomenon occurs only during the initial expulsion of 
bone cement 96 and the quantity of air involved is lim- 
ited. It is nonetheless desirable to reduce the size of the 

JO void. As shown in Fig. 6. the illustrated embodiment 
reduces the size of void 98 by use of the specially 
shaped cap 32. piston plug 48 and paddles 74. 
[0048] When cement nozzle 36 is attached to cap 
32 and bone cement 96 advances into nozzle 36 as 

45 shown in Fig. 7. air contained in annular gap 128 must 
be vented to ambient. As the bone cement continues to 
advance through the cartridge and nozzle 36. it also 
seeps from outlet port 62 through space 130 and into 
gap 128, thereby moving the air contained within annu- 

50 lar gap 128 through porous filter 102 and out of the cap 
through vents 66. Advantageously, porous filter 102 
allows air but not bone cement to pass therethrough. 
After the initial expulsion of bone cement from cartridge 
30. annular gap 128 becomes completely filled with 

55 bone cement, all of the air formerly contained therein 
having escaped to ambient as described above. If an air 
escape passage were not provided, the air in gap 128 
would become trapped and could be pushed into the 
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bone cement being expelled from the cartridge 0-ring 
104 provides a fluid seal between cap 32 and shatt (v 
so that air cannot enter cartridge 30. 
r00491 While this invention has been described as 
having a exemplary design, the present invention can 
be further modified within the spirit and scope of th s 
disclosure. This application is therefore intended to 
cover any variations, uses, or adaptations of the inven- 
tion using its general principles. Further, this application 
is intended to cover such departures from the present 
disclosure as come within known or customary practice 
in the art to which this invention pertains. 



Claims ,5 5 

1 . A bone cement mixing apparatus, comprising; 

first and second telescopingly connected cylin- 
ders for mixing and dispensing bone cement, 
said first and second cylinders including 
respective inner cylinder walls wherein one of 
said inner walls has an inner diameter greater 
than an inner diameter of the other inner wall: 

and , 
a bone cement agitator having a portion of 
which is insertable within said cylinders and 
movable axially therein, said agitator compris- 
ing: 

. 30 7. 

a shaft: and 

a plurality of paddles connected to an end 
portion of said shaft and extending gener- 
ally radially therefrom, said paddles being 
movable radially and resiliently biased 
radially outwardly into wiping engagement 
with said first and second inner walls, 
whereby said paddles can flex outwardly to 
wipe said inner walls when said agitator is 
reciprocated within said telescopingly con- 
nected cylinders. 

2. The apparatus of claim 1. wherein said paddles 
form a frustoconical shape. 

The apparatus of claim 1, wherein said paddles 45 
each includes an opening therein for passage of 
bone cement therethrough while mixing. 



3. 



20 6. 



25 



35 



40 



A method for mixing bone cement, said method 
comprising the steps of: 

placing bone cement components in a car- 
tridge, the cartridge including a first cylinder sli- 
dably disposed within a second cylinder, the 
first cylinder initially being extended from the 
second cylinder; 

installing a cap on a proximal end of the second 
cylinder and connecting a vacuum pump to a 



50 



55 



vacuum port on the cap, whereby vacuum can 
be drawn within the cartridge: 
drawing vacuum in the cartridge by operating 
the vacuum pump and thereby causing the first 
cylinder to be drawn into the second cylinder; 
halting the operation of the vacuum pump 
when the pressure within the cartridge reaches 
a desired level, thereby stopping the first cylin- 
der fmm being further drawn into the second 
cylinder; and 

then mixing the bone cement components 
within the cartridge under the vacuum created 
within the cartridge. 

The method according to claim 4, wherein the first 
cylinder automatically stops moving relative to the 
second cylinder upon the pressure within the car- 
tridge reaching the predetermined level. 

The method according to claim 4, further compris- 
ing the steps of: 

releasing the vacuum within the cartridge; 
installing a cement nozzle on the cap: 
advancing the bone cement through an outlet 
port in the cap and through the nozzle; and 
venting substantially all of the air contained 
within the cap to ambient. 

An apparatus for mixing and delivering bone 
cement, said apparatus comprising: 

a cylinder: . 
a cap on one end of said cylinder and defining 
an outlet port therethrough: and 
a piston plug disposed in said cylinder for axial 
movement in said cylinder toward said cap to 
expel the bone cement in said cylinder through 
said outlet port; 

said piston plug having a tapered protrusion 
thereon which is oriented toward said cap. 

8. The apparatus of claim 7, wherein said protrusion is 
frustoconically shaped. 

9 The apparatus of claim 7, wherein said cap 
includes a recess corresponding in shape to said 
protrusion, said recess matingly receiving said pro- 
trusion when said plug is moved axially toward said 
cap, whereby the bone cement is squeezed from 
said cylinder. 

10. The apparatus of claim 9, further comprising: 

an agitator for mixing the bone cement, said 
agitator comprising a shaft extending through 
said outlet port, a first end of said shaft dis- 
posed within said cylinder; and 
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a plurality of paddles connected to said first 
end of said shaft and extending radially there- 
from for nnixlng the bone cennent. said paddles 
forming a shape which corresponds to said pis- 
ton plug and said cap. whereby said cap and 
said piston plug matingly receive said paddles 
therebetween when said piston plug is moved 
axially toward said cap. 

11. The apparatus of claim 10, wherein said cap. said 
paddles and said piston plug have corresponding 
frusloconical shapes. 

12. An apparatus for mixing and delivering bone 
cement, comprising: 

a cylinder: 

a cap connected to one end of said cylinder 
and defining an outlet port therethrough for the 
discharge of bone cement: 
a tubular shaft disposed in said outlet port, said 
shaft having one of its ends disposed within 
said cylinder, said one end having paddles 
attached thereto; 

said shaft and said outlet port defining an 
annular gap therebetween; 
at least one vent extending through said cap; 
a cement nozzle attached to said cap. said 
nozzle and said shaft defining a space therebe- 
tween which allows passage of bone cement 
from said outlet port to said annular gap: and 
a porous filter disposed intermediate said 
annular gap and said at least one vent, said 
porous filter formed of a material which allows 
passage of air but not bone cement there- 
through, whereby air contained within said 
annular gap can escape through said at least 
one vent when bone cement is discharged so 
that the bone cement being expelled through 
said apparatus is essentially free of entrained 
air. 



der. 

17. An apparatus for mixing and delivering bone 
cement, comprising: 

5 

a cylinder: 

a cap connected to one end of said cylinder 
and defining an outlet port therethrough for the 
discharge of bone cement; 

10 a vacuum port disposed in said cap; 

a tubular shaft disposed in said outlet port, said 
shaft having one of its ends disposed within 
said cylinder, said one end having paddles 
attached thereto; 

15 said shaft and said outlet port defining an 

annular gap therebetween: 
at least one vent extending through said cap; 
a porous filter encircling said shaft and post- 
• tioned intermediate said at least one vent and 

20 said annular gap. said porous filter forming a 

gaseous communication passage connecting 
said at least one vent to said annular gap; and 
a cement nozzle attached to said cap. said 
nozzle and the other end of said shaft defining 

25 a space therebetween which allows passage of 

bone cement from said outlet port to said annu- 
lar gap; and 

an O-ring encircling said shaft and sealing said 
shaft to an inner surface of said cap at a posi- 

30 tion inwardly of said porous filter; 

whereby air contained within said annular gap 
can escape through said porous filter and then 
through said at least one vent when bone 
cement enters said annular gap yet said O-ring 

35 prevents air contained within said annular gap 

from entering said cylinder. 

18. The apparatus of claim 17. wherein said at least 
one vent comprises a plurality of vents. 

40 



13. The apparatus of claim 12. wherein said porous fil- 
ter encircles said shaft, said porous filter forming a 
gaseous communication passage connecting said 45 
annular gap to said at least one vent. 

14. The apparatus of claim 13, wherein said at least 
one vent comprises a plurality of vents. 

50 

15. The apparatus of claim 12. further comprising a 
vacuum port disposed in said cap. 

1 6. The apparatus of claim 1 2. further comprising an O- 
ring encircling said shaft and sealing said shaft to 55 
an inner surface of said cap at a position inwardly of 
said porous filter, whereby air contained within. said 
annular gap is prevented from entering said cylin- 



9 



EP 1 020 167 A2 





11 




12 




13 




14 



EP 1 020 167 A2 




15 



EP 1 020 167 A2 




FIG.6A 
PRIOR ART 



16 




FIG. 7 



17 



THIS PAGE BLANK (USPTO) 



(19) 



JEuropH 
Europec 
Office ei 



s Patentamt 
ropean Patent Office 
Office europeen des brevets 




(12) 



(11) EP 1 020 167 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3; 

16.08.2001 Bulletin 2001/33 

(43) Date of publication A2: 

19.07.2000 Bulletin 2000/29 



(51) Intel.': A61F 2/46, B01F 13/00, 
B01F 13/06. B01F 7/00 



(21) Application number: 00100143.7 



(22) Date of filing: 07.01.2000 


(84) Designated Contracting States: 


• Case, Kirt L, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Warsaw, IN 46580 (US) 


MC NL PT SE 


♦ Chan, Kwan-Ho 


Designated Extension States: 


Lubbock, TX 79416 (US) 


AL LT LV MK RO SI 


• Boggs, Jeffrey B. 




Dover, OH 44622 (US) 


(30) Priority: 14.01.1999 US 231894 


• Finn, Christopher A. 




Dover, OH 44622 (US) 


(71) Applicants: 


• Miller, Scott B. 


• Bristol-Myers Squibb Company 


Dover, OH 44622 (US) 


New York, N.Y. 10154 (US) 




• Chan, Kwan-Ho 


(74) Representative: Colmer, Stephen Gary et al 


Lubbock, TX 79416 (US) 


Mathys & Squire 




100 Gray's Inn Road 


(72) Inventors: 


London WC1X8AL(GB) 


• Hoag, Stephen H. 




Warsaw, IN 46580 (US) 





(54) Apparatus and method for mixing and dispensing bone cement 



CO 
< 

CO 



(57) A method and apparatus for mixing bone ce- 
ment (96) which produces bone cement (96) essentially 
free of entrained air. The apparatus includes a cartridge 
(30) having two telescoping cylinders (44,46). The outer 
cylinder (44) receives a cap (32) thereon which hermet- 
ically seals the cartridge (30). The cap (32) includes an 
outlet port (62) in which a break-away agitator (34) is 
Installed and a port (60) for connection of a vacuum 
pump (24). In use. a desired vacuum pressure is drawn 
on the cartridge (30) and the inner cylinder (46) is al- 
lowed to be drawn into the outer cylinder (44) while the 
vacuum is being drawn, whereupon the inner cylinder 
(46) automatically stops moving relative to the outer cyl- 
inder (44) when the desired vacuum pressure is 
reached. Mixing of the bone cement (96) is then per- 
formed under the partial vacuum thereby created. The 
agitator paddles (74) provide a scraping action against 
both inner cylinder walls of the telescoping cylinders 
(44.46) thereby improving mixing. After mixing, the ag- 



itator (34) is broken away, an appropriate nozzle (36) is 
attached to the cartridge (30) and the cartridge (30) is 
inserted into a cement gun. The leading portion of the 
bone cement (96) develops a convex profile when axi- 
ally advanced through the cartridge (30) and the piston 
plug (48) includes a tapered protrusion (92) which gen- 
erally corresponds to the profile of the bone cement (96). 
The cap (32) and paddles (74) are also shaped corre- 
spondingly to the convex profile developed by the bone 
cement (96), resulting in substantially all of the bone ce- 
ment (96) being squeezed from the cartridge (30). An 
air escape passage (66) is also provided to vent air con- 
tained within an annular gap between the agitator shaft 
(70) and the cap (32) upon initial expulsion of bone ce- 
ment (96). resulting in the bone cement (96) expelled 
from the cartridge (30) being essentially free from en- 
trained air. 
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